WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
C07K 5/06, A61K 38/05 



Al 



(11) International Publication Number: WO 99/55725 

(43) International Publication Date: 4 November 1999 (04.1 1.99) 



(21) International Application Number: PCr/US99/06090 

(22) International Filing Date: 19 March 1999 (19.03.99) 



(30) Priority Data: 
60/083,255 



27 April 1998 (27.04.98) 



US 



(71) Applicant {for all designated States except US): 

WARNER-LAMBERT COMPANY [US/US]; 201 
Tabor Road, Morris Plains, NJ 07950 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): DOHERTY, Annette, 
Marian [US/FR]; Sbtne, 6tage, 33, rue Poussin. F-75016 
Paris (FR). KALTENBRONN, James, Stanley [US/US]; 
Apartment 70C, 3555 Greenbrier Boulevard. Ann Arbor, MI 
48103 (US). LEONARD. Daniele, Marie [CA/US]; 2380 
Peters Road. Ann Arbor. MI 48103 (US). MCNAMARA, 
Dennis. Joseph [US/US]; 304 Linda Vista. Ann Arbor, MI 
48103 (US). QUIN, John, III [US/US]; 2488 Bunker Hill. 
Ann Arbor, MI 48105 (US). 

(74) Agents: RYAN, M.. Andrea; Warner-Lambert Company, 201 
Tabor Road. Morris Plains. Nj 07950 (US) et al. 



(81) Designated States: AE, AL, AU, BA, BB, BG, BR, CA. CN, 
CU, CZ, EE, GD, GE, HR, HU. ID, IL, IN, IS, JP, KP, KR. 
LC, LK, LR, LT, LV, MG, MK, MN, MX, NO, NZ, PL, 
RO, SG, SI, SK, SL, TR, TT, UA, US, UZ. VN. YU. ZA. 
ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, UG. 
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM), European patent (AT, BE, CH, CY, DE, DK. ES, PI, 
FR, GB, GR, IE, IT. LU, MC, NL, PT, SE), OAPI patent 
(BF, BJ. CF. CG. CI, CM, GA, GN, GW, ML. MR. NE, 
SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) TiUe: FUNCnONALIZED ALKYL AND ALKENYL SIDE CHAIN DERIVATIVES OF GLYCINAMIDES AS FARNESYL 
TRANSFERASE INHIBITORS 



(57) Abstract 



t 



■C— N— CH— C-N. 



(I) 



\i>5 



The present invention 
provides compounds of For- 
mula (I). The present invcn- ^ 
tion also provides a method 
of treating cancer and treat- 
ing or preventing restenosis 

or atherosclerosis. Also provided by the present invention is a pharmaceutically acceptable composition containing a compound of Formula 



BNSCXXID: <WO 9955725A1 J_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Aimenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Ausiria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azetbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Geotgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Tuikcy 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


DA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6le d'lvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazalcstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







6NSDOC1D: <WO 995S725A1_I_> 



^^^'^5^25 PCT/US99/06090 

-1- 

FUNCTIONALIZEDALKYLANDALKENYL SIDE CHAIN DERIVATIVES 
OF GLYCINAMIDES AS FARNESYL TRANSFERASE INHIBITORS 



FIELD OF THE INVENTION 



The present invention relates to compounds that can be used to treat, 
prophylactically or otherwise, uncontrolled or abnormal proliferation of tissues. 
Specifically, the present invention relates to compounds that inhibit the famesyl 
transferase enzyme, which has been determined to activate ras proteins that in turn 
activate cellular division and are implicated in cancer, restenosis, and 
atherosclerosis. 



10 BACKGROUND OF THE INVENTION 

Ras protein (orp21) has been examined extensively because mutant forms 
are found in 20% of most types of human cancer and greater than 50% of colon 
and pancreatic carcinomas (Gibbs J.B., Cell, 1991;65:U Cartwright T. et al., 
Chimica. Oggi., 1992; 10:26). These mutant ras proteins are deficient in the 

1 5 capability for feedback regulation that is present in native ras, and this deficiency 

is associated with their oncogenic action since the ability to stimulate normal cell 
division cannot be controlled by the normal endogenous regulatory cofactors. The 
recent discovery that the transforming activity of mutant ras is critically dependent 
on post-translational modifications (Gibbs J. et al., Microbiol. Rev. , 1989;53:171) 

20 has unveiled an important aspect of ras function and identified novel prospects for 
cancer therapy. 

In addition to cancer, there are other conditions of uncontrolled cellular 
proliferation that may be related to excessive expression and/or function of native 
ras proteins. Post-surgical vascular restenosis and atherosclerosis are such 
25 conditions. The use of various surgical revascularization techniques such as 

saphenous vein bypass grafting, endarterectomy, and transluminal coronary 
angioplasty are often accompanied by complications due to uncontrolled growth 
of neointimal tissue, known as restenosis. The biochemical causes of restenosis 
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are poorly understood and numerous growth factors and protooncogenes have 
been implicated (Naftilan A J. et aL, Hypertension . 1989; 13:706 and J. Clin. 
Invest, 83:1419; Gibbons GH. et al., Hypertension . 1989;14:358; Satoh T. et ah, 
Molec. Cell. BioL . 1993;1 3:3706). The fact that ras proteins are known to be 
5 involved in cell division processes makes them a candidate for intervention in 

many situations where cells are dividing uncontrollably. In direct analogy to the 
inhibition of mutant ras related cancer, blockade of ras dependant processes has 
the potential to reduce or eliminate the inappropriate tissue proliferation 
associated with restenosis or atherosclerosis, particularly in those instances where 

10 normal ras expression and/or function is exaggerated by growth stimulatory 

factors. See, for example, Kohl et al.. Nature Med. . 1995;l(8):792-748. 

Ras functioning is dependent upon the modification of the proteins in 
order to associate with the iimer face of plasma membranes. Unlike other 
membrane-associated proteins, ras proteins lack conventional transmembrane or 

15 hydrophobic sequences and are initially synthesized in a cytosol soluble form. 

Ras protein membrane association is triggered by a series of post-translational 
processing steps that are signaled by a carboxyl terminal amino acid consensus 
sequence that is recognized by protein famesyl transferase (PFT). This consensus 
sequence consists of a cysteine residue located four amino acids from the carboxyl 

20 terminus, followed by two lipophilic amino acids, and the C-terminal residue. The 

sulfhydryl group of the cysteine residue is alkylated by famesyl pyrophosphate in 
a reaction that is catalyzed by protein famesyl transferase. Following prenylation, 
the C-terminal three amino acids are cleaved by an endoprotease and the newly 
exposed alpha-carboxyl group of the prenylated cysteine is methylated by a 

25 methyl transferase. The enzymatic processing of ras proteins that begins with 

famesylation enables the protein to associate with the cell membrane. Mutational 
analysis of oncogenic ras proteins indicate that these post-translational 
modifications are essential for transforming activity. Replacement of the 
consensus sequence cysteine residue with other amino acids gives a ras protein 

30 that is no longer famesylated, fails to migrate to the cell membrane and lacks the 

ability to stimulate cell proliferation (Hancock J.F. et al., Cell, 1989;57:1617; 
Schafer W.R. et al.. Science ^ 1989;245:379; Casey RJ., Proc. Natl. Acad. Sci. 
USA , 1989;86:8323). 
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Recently, protein famesyl transferases (PFTs), also referred to as famesyl 
proteintransferases (FPTs), have been identified and a specific PFT from rat brain 
was purified to homogeneity (Reiss Y. et ai., Bioch. Soc. Trans 1992;20:487-88). 
The enzyme was characterized as a heterodimer composed of one aipha-subunit 
5 (49kDa) and one beta-subunit (46kDa), both of which are required for catalytic 

activity High level expression of mammalian PFT in a baculovirus system and 
purification of the recombinant enzyme in active form has also been accomplished 
(Chen W.-J. et al., J. Biol. Chem. . 1993;268:9675). 

In light of the foregoing, the discovery that the function of oncogenic ras 
10 proteins is critically dependent on their post-trahslational processing provides a 

means of cancer chemotherapy through inhibition of the processing enzymes. The 
identification and isolation of a protein famesyl transferase that catalyzes the 
addition of a famesyl group to ras proteins provides a promising target for such 
intervention. Ras famesyl transferase inhibitors have been shown to have 
15 anticancer activity in several recent articles. 

Ras inhibitor agents act by inhibiting famesyl transferase, the enzyme 
responsible for the post-translational modification of the ras protein which helps 
to anchor the protein product of the ras gene to the cell membrane. The role of the 
ras mutation in transducing growth signals within cancer cells relies on the protein 
20 being in the cell membrane so with famesyl transferase inhibited, the ras protein 

will stay in the cytosol and be unable to transmit growth signals: these facts are 
well-known in the literature. 

A peptidomimetic inhibitor of famesyl transferase B956 and its methyl 
ester B1086 at 100 mg/kg have been shown to inhibit tumor growth by EJ-1 
25 human bladder carcinoma, HTl 080 human fibrosarcoma and human colon 

carcinoma xenografts in nude mice (Nagasu T. et al.. Cancer Res. . 1995;55:5310- 
53 14). Furthermore, inhibition of tumor growth by B956 has been shown to 
correlate with inhibition of ras posttranslational processing in the tumor. Other ras 
famesyl transferase inhibitors have been shown to specifically prevent ras 
30 processing and membrane localization and are effective in reversing the 

transformed phenotype of mutant ras containing cells (Sepp-Lorenzino L. et al., 
Cancer Res. . 1995;55:5302-5309). 
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In another report (Sun J. et ah. Cancer Res. , 1995;55:4243-4247), a ras 
famesyl transferase inhibitor FTI276 has been shown to selectively block tumor 
growth in nude mice of a human lung carcinoma with K-ras mutation and p53 
deletion. In yet another report, daily administration of a ras famesyl transferase 
5 inhibitor L-744,832 caused tumor regression of mammary and salivary 

carcinomas in ras transgenic mice (Kohl et aL, Nature Med. , 1995;l(8):792-748). 
Thus, ras famesyl transferase inhibitors have benefit in certain forms of cancer, 
particularly those dependent on oncogenic ras for their growth. However, it is 
well-known that human cancer is often manifested when several mutations in 

10 important genes occurs, one or more of which may be responsible for controlling 

growth and metastases. A single mutation may not be enough to sustain growth 
and only after two of three mutations occur, tumors can develop and grow. It is 
therefore difficult to determine which of these mutations may be primarily driving 
the growth in a particular type of cancer. Thus, ras famesyl transferase inhibitors 

15 can have therapeutic utility in tumors not solely dependent on oncogenic forms of 

ras for their growth. For example, it has been shown that various ras FT-inhibitors 
have antiproliferative effects in vivo against tumor lines with either wild-type or 
mutant ras (Sepp-Lorenzino, supra.). In addition, there are several ras-related 
proteins that are prenylated. Proteins such as R-Ras2/TC21 are ras-related proteins 

20 that are prenylated in vivo by both famesyl transferase and geranylgeranyl 

transferase I (Carboni et aL, Oncogene , 1995;10:1905-1913). Therefore, ras 
famesyl transferase inhibitors could also block the prenylation of the above 
proteins and therefore would then be useful in inhibiting the growth of tumors 
driven by other oncogenes. 

25 With regard to the restenosis and vascular proliferative diseases, it has 

been shown that inhibition of cellular ras prevents smooth muscle proliferation 
after vascular injury in vivo (Indolfi C. et ah. Nature Med. , 1995;l(6):541-545). 
This report definitively supports a role for famesyl transferase inhibitors in this 
disease, showing inhibition of accumulation and proliferation of vascular smooth 

30 muscle. 
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SUMM ARY OF THE INVENTION 
The present invention provides compounds having the Formula 1 

O R^ R^ O R^ ^ 

n I I II T S /R^ 

A— C—N—C—C—N— CH-C-N 

1.3 L4 



fa 

wneremAis — N , -ORa or OCH; 



Rb 



each Rland Rb are independently hydrogen or Cj-Cg alkyl; 

each Ra is independently Cj-Cg alkyl, -(CH2Waryl, -(CH2)m-substituted aryl, 

-(CH2)m-substituted heteroaryl, or -(CH2)in-heteroaryl; 
each m is independently 0 to 3; 
each n is independently 1 to 4; 

N<^N— Rb^or R— n(^N 

H 

I 

R4 is -C-phenyl, -(CH2)n-NH2, -(CH2)n-NH(Ci.C6alkyl), 
Ci-Cgalkyl 

-(CH2)n-N(Ci-C6alkyl)2. 
Ci-Cgalkyl 

-(CH2)-C-phenyl. -(CH2)n-OCi-C6alkyl, -(CH2)n-OH, 

C]-C6alkyl 

O 
II 

-(CH2)n-COH, 
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O 

II 

-(CH2)n-COCi-C6alkyl, C2-C6alkenyl, (CH2)n-morpholino, 

~(<^"2>ir-{^NH, -(CH2VCN, -(CH2VC-Nr''r'', 

-(CH2VSr'^, - (CH2)„-S-R^ -(CH2)n-S02R^ 

\ 

O 

-(CH2)h-N^^N— Rb or -(cH2)h-<(^N— Cj— C^alkyl; 

r1 

I I 

5 R>is (C)jj — aryl, or (C)^ — substituted aryl ; 

1' . Rl 

and the pharmaceutically acceptable salts, esters, amides, and prodrugs thereof. 

In a preferred embodiment of the compounds of Formula I, each r1 is 
hydrogen. 

In another preferred embodiment of the compounds of Formula I, A is 
10 -OCH2-phenyl. 

In another preferred embodiment of the compounds of Formula I, 
CH3 
I 

R5 is -CH2-C-phenyl. 
CH3 

In another preferred embodiment of the compound of Formula I, 
A is -OCH2-phenyl; 

each r1 is hydrogen; and 
20 CH3 

I 

R5 is -CH2-C-phenyl. 
I 

CH3 



wo 99/55725 



PCTAJS99/06090 



-7- 

Also provided are compounds having the Formula I 



O O R^ ^ 

II I I II \ ?i /R* 

A— C— N— C— C— N— CH— C-N 

^3 



CH3 

wherein A is -OCH2-phenyl, or -OCH-phenyl; 
each r1 is hydrogen; 



^NH ; 



CH3 
I 

10 R4is -CH-phenyl, -CH2CH2 NRaRa 

CH3 o 

I 8 

-CH2-C-phenyl, -CH2CH20Ra -CH2CH2CORa 

I 

15 CH3 

C2-C6 alkenyl, 

-CH2CH2-morpholino, or — CH2 — ^ \ — CH3 ; 

each Ra is independently hydrogen or C1-C5 alkyl; 
CH3 

20 I 

R5 is -CH2-C-phenyl; 
I 

CH3 

and the pharmaceutically acceptable salts, esters, amides, and prodrugs thereof. 

The present invention also provides a pharmaceutical composition 
comprising a compound of Formula I. 



BNSOOCID: <WO 995572SA1 I > 



wo 99/55725 PCT/US99/06090 

-8- 

Also provided is a method of treating cancer, the method comprising 
administering to a patient having cancer a therapeutically effective amount of a 
compound of Formula I. 

Also provided is a method of treating atherosclerosis, the method 
5 comprising administering to a patient having atherosclerosis a therapeutically 

effective amount of a compound of Formula I. 

Also provided is a method of treating or preventing restenosis, the method 
comprising administering to a patient having restenosis or at risk of developing 
restenosis, a therapeutically effective amount of a compound of Formula I. 
10 The present invention provides the compounds: 

Benzyl A^((15)-l -(l//-4-imidazolylmethyl)-2-2-[(2-methyl-2- 
phenylpropyl)araino]-2-oxoethyl [( 1 5)- 1 -phenylethy I]amino-2- 
oxoethyl)carbamate; 

Benzyl A^-(( 1 5)- 1 -( 1 /f-4-imidazolylmethy l)-2-2- [(2-methyl-2- 
1 5 phenylpropyl)amino]-2-oxoethyl[( 1 R)- 1 -phenylethy] jamino-2- 

oxoethy l)carbamate ; 

Benzyl A^-[( 1 5)- 1 -( 1 //-4-imidazolylmethyl)-2-((2-methyl-2- 

phenylpropyl)2-[(2-methyl-2-phenylpropyl)amino]-2-oxoethylamino>2- 
oxoethyljcarbamate; 

20 Methyl 3-([(25)-2-[(benzyloxy)carbonyl]amino-3-(lH-4- 

imidazolyI)propanoyl]-2-[(2-methyl-2-phenylpropyl)amino]-2- 
oxoethylamino)propanoate; 

3-([(2S)-2-[(Benzyloxy)carbonyl]amino-3-(l/f-4-imidazolyl)propanoyl]-2- 
[(2-methyl-2-phenylpropyl)amino]-2-oxoethylamino)propanoicacid; 
25 [ 1 - {(2-Amino-ethyl)-[(2-methyl-2-phenyl-propylcarbamoyl)-methyl]- 

carbamoyl}-2-(3H-imidazol-4-yl)-ethyl]-carbamic acid benzyl ester; 

Benzyl A^-[( 1 5)- 1 -( 1 //-4-imidazolylmethyl)-2-([2-(methylamino)ethyl]-2- 
[(2-methyI-2-phenylpropyl)amino]-2-oxoethylamino)-2-oxoethyl]carbamate; 
(2-(3H-Imidazol-4-yl)- 1 - {(2-methoxy-ethyl)-[(2-methyl-2-phenyl- 
30 . propylcarbamoyl)-methyl]-carbamoyl } -ethyl)-carbamic acid benzyl ester; 

Benzyl A^[2-((£)-2-butenyl-2-[(2-methyl-2-phenylpropyl)amino]-2- 
oxoethyiamino> 1 -( 1 //-4-imidazolylmethyl)-2-oxoethyl]carbamate; 
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[l-{(4-Benzyloxy-benzyl)-[(2-methyl-2-phenyl-propylcarbamoyl)- 
iethyl]-carbamoyl }-2-(l H-imidazol-4-yl)-ethyl]-carbamic acid 1 -phenyl-ethyl 



Benzyl A^-( 1 5)- 1 -(1 //-4-imidazolylmethyl)-2-[2-[(2-methyl-2- 

phenylpropyl)amino]-2-oxoethyl(2-morpholinoethyl)amino]-2- 
oxoethylcarbamate; 

3-{[2-BenzyloxycarbonyIamino-3-(3H-imidazol-4-yl)-propionyl]- 
[(2-methyl-2-phenyl-propylcarbamoyl)-methyl]-amino}-propionicacid isopropyl 



E ^ - { (2-DimethylcarbamoyI-ethyl)-[(2-methyl-2:phenyl-propylcarbam 
methyI]-carbamoyl}.2-(3H-imidazol-4-yI)ethyl]-carbamic acid benzyl ester; 

{2-(3H-Imidazol-4-yl)-l-[[(2-methyl-2-phenyl-propylcarbamoyl)-methyl]- 
(2-methylsulfanyl-ethyl)-carbamoyl]-ethyl}-carbamic acid benzyl ester; 

Benzyl A^-[(15)-2-((2-hydroxyethyl)2-[(2-methy]-2-phenylpropyl)amino]- 
2-oxoethylamino)- 1 -(1 //-4-imidazolylmethyl)-2-oxoethyl]carbamate; and 
Benzyl A^-((15)-l-(l//-4-imidazolylmethyl>2-2-[(2-methyl-2- 

phenylpropyl)amino]-2-oxoethyl[(l-methyl-4-piperidyl)methyl]amino-2- 
oxoethyl)carbamate. 

The present invention also provides compounds having the Formula I 



ester; 



ester; 



O R' R 

11 I I 
A— C— N— C- 

I. 
R 





Cj-C^alkyl 



Cj-Cgalkyl Cj-C^alkyl 

each R1 and Rb are independently hydrogen or Cj-Cg alkyl; 
each n is independently 1 to 4; 
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R3i 



IS 



-(9"2)n 



/ 



-10- 
-(CH2)„ 

/ 



r4 



IS 



R' R' r' r1 

I I I /R' I 

■(C) — aryl, (C) — substituted aryl, (Qn~N (q — qrI 

I I I ^R^ I " ' 

R^ r' r1 ^1 



(C)„— COR> , C2-C6alkenyl. — (C)n— 



R' 



R^ 



-benzyl. 



R' 



R^ 



(Pir"he*®''0'=y'^^o^M. (C)— substituted heterocycloalkyl. 



,1 



R' 



R' 



(C)— heteroaryl, or 

,1 



(C)- — substituted heteroalkyl; 



R' 



R 



R' 



R5is (C)jj — aryl, or (C)^ — substituted aryl ; 



R' 



and the pharmaceutically acceptable salts, esters, amides, and prodrugs thereof. 
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DETAILED DESCRIPTION OF THE INVENTION 

The term "alkyl" means a straight or branched hydrocarbon having from 

1 to 6 carbon atoms and includes, for example, methyl, ethyl, n-propyl, isopropyl, 

n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, and the like. The alkyl 

group can also be substituted with one or more of the substituents listed below for 
aryl. 

The term "cycloalkyl" means a saturated hydrocarbon ring which contains 
from 3 to 7 carbon atoms, for example, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, adamantyl, and the like.- 

The term "aryl" means an aromatic ring which is a phenyl, 5-fluorenyl, 
1-naphthyl, or 2-naphthyl group, unsubstituted or substituted by 1 to 3 substituents 
selected from alkyl, O-alkyl and S-alkyl, OH, SH, F, -CN, CI, Br, I, CF3, NO2. 
NH2, NHCH3, N(CH3)2, NHCO-alkyl, (CH2)mC02H. (CH2)mC02-alkyl. 
(CH2)mS03H, -NH alkyl. -N(alkyl)2. -(CH2)mP03H2, (CH2),nP03(alkyl)2, 
(CH2)mS02NH2, and (CH2)mS02NH-alkyl wherein alkyl is defined as above 
andmisO, 1,2, or 3. 

The term f'heteroaryl" means an aromatic ring containing one or more 
heteroatoms. Examples of heteroaryl radicals include thienyl, furanyl, pyrrolyl, 
pyridyl, imidazoyi, or indolyl group, substituted or unsubstituted by 1 or 
2 substituents from the group of substituents described above for aryl. Examples 
of heteroatoms include nitrogen, oxygen, sulfur, and phosphorus. 

The term "halogen" includes chlorine, fluorine, bromine, and iodine. 
The term "alkenyl" means a branched or straight chain hydrocarbon 
having one or more carbon-carbon double bond. 

The term "heterocycle" or "heterocycloalkyl" means a cycloalkyl group 
wherein one or more carbon atom is replaced with a heteroatom. Examples of 
heterocycles include, but are not limited to, pyrrolidinyl, piperidinyl, and 
piperazinyl. 

The symbol "-" means a bond. 

The term "patient" means all animals including humans. Examples of 
patients include humans, cows, dogs, cats, goats, sheep, and pigs. 
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A ^'therapeutically effective amount" is an amount of a compound of the 
present invention that when administered to a patient ameliorates a symptom of 
restenosis, cancer, or atherosclerosis or prevents restenosis. A therapeutically 
effective amount of a compound of the present invention can be easily detemiined 
5 by one skilled in the art by administering a quantity of a compound to a patient 

and observing the result. In addition, those skilled in the art are familiar with 
identifying patients having cancer, restenosis, or atherosclerosis or who are at risk 
of having restenosis. 

The term "cancer" includes, but is not limited to, the following cancers: 
10 . breast; 

ovary; 
cervix; 
prostate; 
testis; 

15 esophagus; 

glioblastoma; 

neuroblastoma; 

stomach; 

skin, keratoacanthoma; 

epidermoid carcinoma, large cell carcinoma, adenocarcinoma; 

bone; 

colon, adenocarcinoma, adenoma; 
pancreas, adenocarcinoma; 

thyroid, follicular carcinoma, undifferentiated carcinoma, papillary 
25 carcinoma; 

seminoma; 
melanoma; . 
sarcoma; 

bladder carcinoma; 

liver carcinoma and biliary passages; 

kidney carcinoma; 

myeloid disorders; 

lymphoid disorders, Hodgkins, hairy cells; 
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buccal cavity and pharynx (oral), lip, tongue, mouth, pharynx; 
small intestine; 

colon-rectum, large intestine, rectum; 

bram and central nervous system; and leukemia. 

The term "phamiaceutically acceptable salts, esters, amides, and prodrugs" 
as used herein refers to those carboxylate salts, amino acid addition salts, esters, 
amides, arid prodrugs of the compounds of the present invention which are, within 
the scope of sound medical judgment, suitable for use in contact with the tissues 
of patients without undue toxicity, irritation, allergic response, and the like, 
commensurate with a reasonable benefit/risk ratio, and effective for their intended 
use, as well as the zwitterionic forms, where possible, of the compounds of the 
invention. The term "salts" refers to the relatively non-toxic, inorganic and 
organic acid addition salts of compounds of the present invention. These salts can 
be prepared in situ during the final isolation and purification of the compounds or 
by separately reacting the purified compound in its free base form with a suitable 
organic or inorganic acid and isolating the salt thus formed. Representative salts 
include the hydrobromide, hydrochloride, sulfate, bisulfate, nitrate, acetate, 
oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate, lactate, 
phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate 
mesylate, glucoheptonate, lactobionate and laurylsulphonate salts, and the like. 
These may include cations based on the alkali and alkaline earth metals, such as 
sodium, lithium, potassium, calcium, magnesium and the like, as well as non-toxic 
ammonium, quaternary ammonium, and amine cations including, but not limited 
to ammonium, tetramethylammonium, tetraethylammonium, methylamine, 
dimethylamine, trimethylamine, triethylamine, ethylamine, and the like. (See. for 
example, Berge S.M. et al., "Pharmaceutical Salts." J. Pharm. Sci. 1977;66:1.19 
which is incorporated herein by reference.) 

Examples of pharmaceutically acceptable, non-toxic esters of the 
compounds of this invention include Cj-Cg alkyl esters wherein the alkyl group is 
a straight or branched chain. Acceptable esters also include C5-C7 cycloalkyl 
esters as well as arylalkyl esters such as, but not limited to benzyl. C1-C4 alkyl 
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esters are preferred. Esters of the compounds of the present invention may be 
prepared according to conventional methods. 

Examples of pharmaceutically acceptable, non-toxic amides of the 
compounds of this invention include amides derived from ammonia, primary 
Ci-Cg alkyl amines and secondary Cj-Cg dialkyl amines wherein the alkyl 
groups are straight or branched chain. In the case of secondary amines the amine 
may also be in the form of a 5- or 6-membered heterocycle containing one 
nitrogen atom. Amides derived from ammonia, C1-C3 alkyl primary amines and 
C1-C2 dialkyl secondary amines are preferred. Amides of the compounds of the 
invention may be prepared according to conventional methods. 

The term "prodrug" refers to compounds that are rapidly transformed 
in vivo to yield the parent compound of the above formulae, for example, by 
hydrolysis in blood. A thorough discussion is provided in T. Higuchi and V. Stella, 
"Pro-drugs as Novel Delivery Systems," Vol. 14 of the A.C.S. Symposium Series, 
and in Bioreversible Carriers in Drug Design , ed. Edward B. Roche, American 
Pharmaceutical Association and Pergamon Press, 1987, both of which are hereby 
incorporated by reference. 

The compounds of the present invention can be administered to a patient 
alone or as part of a composition that contains other components such as 
excipients, diluents, and carriers, all of which are well-known in the art. The 
compositions can be administered to humans and animals either orally, rectally, 
parenterally (intravenously, intramuscularly, or subcutaneously), intracistemally, 
intravaginally, intraperitoneally, intravesically, locally (powders, ointments, or 
drops), or as a buccal or nasal spray. 

Compositions suitable for parenteral injection may comprise 
physiologically acceptable sterile aqueous or nonaqueous solutions, dispersions, 
suspensions or emulsions, and sterile powders for reconstitution into sterile 
injectable solutions or dispersions. Examples of suitable aqueous and nonaqueous 
carriers, diluents, solvents or vehicles include water, ethanol, polyols 
(propyleneglycol, polyethyleneglycol, glycerol, and the like), Cremophor E.L., (a 
derivative of castor oil and ethylene oxide; purchased from Sigma Chemical Co., 
St. Louis, MO), suitable mixtures thereof, vegetable oils (such as olive oil), and 
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injectable organic esters such as ethyl oleate. Proper fluidity can be maintained, 
for example, by the use of a coating such as lecithin, by the maintenance of the 
required particle size in the case of dispersions and by the use of surfactants. 
These compositions may also contain adjuvants such as preserving, 
5 wetting, emulsifying, and dispensing agents. Prevention of the action of 

microorganisms can be ensured by various antibacterial and antifungal agents, for 
example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also be 
desirable to include isotonic agents, for example sugars, sodium chloride, and the 
like. Prolonged absorption of the injectable pharmaceutical form can be brought 

10 about by the use of agents delaying absorption, for example, aluminum 

monostearate and gelatin. 

Solid dosage forms for oral administration include capsules, tablets, pills, 
powders, and granules. In such solid dosage forms, the active compound is 
admixed with at least one inert customary excipient (or carrier) such as sodium 

1 5 citrate or dicalcium phosphate or (a) fillers or extenders, as for example, starches, 

lactose, sucrose, glucose, mannitol, and silicic acid; (b) binders, as for example, 
carboxymethylcellulose, alignates, gelatin, polyvinylpyrrolidone, sucrose, and 
acacia; (c) humectants, as for example, glycerol; (d) disintegrating agents, as for 
example, agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, 

20 certain complex silicates, and sodium carbonate; (e) solution retarders, as for 

example paraffin; (f) absorption accelerators, as for example, quaternary 
ammonium compounds; (g) wetting agents, as for example, cetyl alcohol and 
glycerol monostearate; (h) adsorbents, as for example, kaolin and bentonite; and 
(i) lubricants, as for example, talc, calcium stearate, magnesium stearate, solid 

25 polyethylene glycols, sodium lauryl sulfate, or mixtures thereof In the case of 

capsules, tablets, and pills, the dosage forms may also comprise buffering agents. 

Solid compositions of a similar type may also be employed as fillers in 
soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar 
as well as high molecular weight polyethyleneglycols, and the like. 

Solid dosage forms such as tablets, dragees, capsules, pills, and granules 
can be prepared with coatings and shells, such as enteric coatings and others well- 
known in the art. They may contain opacifying agents, and can also be of such 
composition that they release the active compound or compounds in a certain part 
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of the intestinal tract in a delayed manner. Examples of embedding compositions 
which can be used are polymeric substances and waxes, ^lie active compounds 
can also be in micro-encapsulated form, if appropriate, with one or more of the 
above-mentioned excipients. 

Liquid dosage forms for oral administration include pharmaceutically 
acceptable emulsions, solutions, suspensions, syrups, and elixirs. In addition to the 
active compounds, the liquid dosage forms may contain inert diluents commonly 
used in the art, such as water or other solvents, solubilizing agents and emulsifiers, 
as for example, ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, 
benzyl alcohol, benzyl benzoate, propyleneglycol, 1 ,3-butyleneglycoU 
dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, com germ 
oil, olive oil, castor oil and sesame oil, glycerol, tetrahydrofurfuryl alcohol, 
Cremophor E.L., (a derivative of castor oil and ethylene oxide; purchased from 
Sigma Chemical Co., St. Louis, MO), polyethyleneglycols and fatty acid esters of 
sorbitan or mixtures of these substances, and the like. 

Besides such inert diluents, the composition can also include adjuvants, 
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, 
and perfuming agents. 

Suspensions, in addition to the active compounds, may contain suspending 
agents, as for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol 
and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar and tragacanth, or mixtures of these substances, and the like. 

Compositions for rectal administrations are preferably suppositories which 
can be prepared by mixing the compounds of the present invention with suitable 
non-irritating excipients or carriers such as cocoa butter, polyethyleneglycol, or a 
suppository wax, which are solid at ordinary temperatures but liquid at body 
temperature and therefore, melt in the rectum or vaginal cavity and release the 
active component. 

Dosage forms for topical administration of a compound of this invention 
include ointments, powders, sprays, and inhalants. The active component is 
admixed under sterile conditions with a physiologically acceptable carrier and any 
preservatives, buffers, or propellants as may be required. Ophthalmic 
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formulations, eye ointments, powders, and solutions are also contemplated as 
being within the scope of this invention. 

The compounds of the present invention can be administered to a patient at 
dosage levels in the range of about 0. 1 to about 2,000 mg per day. For a normal 
human adult having a body weight of about 70 kilograms, a dosage in the range of 
about 0.01 to about 1 00 mg per kilogram of body weight per day is preferable. 
The specific dosage used, however, can vary. For example, the dosage can depend 
on a number of factors including the requirements of the patient, the severity of 
the condition being treated, and the pharmacological activity of the compound 
being used. The determination of optimum dosages for a particular patient is well 
known to those skilled in the art. 

The compounds of the present invention can exist in different 
stereoisomeric forms by virtue of the presence of asymmetric centers in the 
compounds. It is contemplated that all stereoisomeric forms of the compounds as 
well as mixtures thereof, including racemic mixtures, form part of this invention. 

In addition, the compounds of the present invention can exist in unsolvated 
as well as solvated forms with pharmaceutically acceptable solvents such as water, 
ethanol, and the like. In general, the solvated forms are considered equivalent to 
the unsolvated forms for the purposes of the present invention. 

The examples presented below are intended to illustrate particular 
embodiments of the invention, and are not intended to limit the scope of the 
specification or the claims in any way. 

PPT Inhibitory Activity 

The proteinrfamesyl transferase (PFT) or famesyl protein transferase 
(FPT) inhibitory activity of compounds of the present invention were assayed in 
HEPES buffer (pH 7.4) containing 5 mM potassium phosphate and 20 ^iM ZnCl2. 
The solution also contained 5 mM DTT (dithiothreitol), 5 mM MgCl2, and 0.1% 
PEG 8000. Assays were performed in 96 well plates (Wallec) and employed 
solutions composed of varying concentrations of a compound of the present 
invention in 10% DMSO (dimethylsulfoxide). Upon addition of both substrates, 
radiolabeled famesyl pyrophosphate ([i3h], specific activity 15-30 Ci/mmol, final 
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concentration 134 nM) and (biotinyl)-Ahe-Thr-Lys-Cys-Val-Ile-Met ([3aS[3a 
alpha, 4 beta, 6a alpha]-hexahydro-2-oxo-lH-thieno[3,4-d]imidazole-5-pentanoic 
acid]-[7-aminoheptanoic acid]-Thr-Lys-Cys-VaMle-Met) (Ahe is 
7-aminoheptanoic acid, Thr is threonine, Lys is lysine, Cys is cysteine, Val is 
valine. He is isoleucine, and Met is methionine) (final concentration 0.2 jiM), the 
enzyme reaction was started by addition of SF9 affinity purified rat FPT. After 
incubation at 30°C for 30 minutes, the reaction was terminated by diluting the 
reaction 2.5-fold with a stop buffer containing 1.5 M magnesium acetate, 0.2 M 
H3PO4, 0.5% BSA (bovine serum albumin), and strepavidin beads (Amersham) at 
a concentration of 1.3 mg/mL. After allowing the plate to settle for 30 minutes at 
room temperature, radioactivity was quantitated on a microBeta counter 
(Model 1450, Wallec). The assay was also carried out without 5 mM potassium 
phosphate. 

Gel Shift A.ssay 

Twenty-four hours after planting 2 x 1 06 ras-transformed cells per 
treatment condition, the famesylation inhibitor is added at varying concentrations. 
Following an 18-hour incubation period, cells are lysed in phosphate-buffered 
saline containing 1% Triton X-100, 0.5% sodium deoxycholate, and 0.1% SDS 
(sodium dodecyl sulfate), pH 7.4 in the presence of several protease inhibitors 
(PMSF (phenylmethylsulfonylfluoride), antipain, leupeptin, pepstatin A, and 
aprotinin all at 1 |ag/mL). Ras protein is immunoprecipitated from the 
supematants by the addition of 3 ^ig v-H-ras Ab-2 (Yl 3-259 antibody fi-om 
Oncogene Science). After overnight immunoprecipitation, 30 ^iL of a 50% protein 
G-Sepharose slurry (Pharmacia) is added followed by 45-minute incubation. 
Pellets are resuspended in 2X tris-glycine loading buffer (Novex) containing 
5% mercaptoethanol and then denatured by 5 minutes boiling prior to 
electrophoresis on 14% Tris-glycine SDS gels. Using Western transfer techniques, 
proteins are transferred to nitrocellulose membranes followed by blocking in 
blocking buffer. Upon overnight incubation with primary antibody (pan-ras 
Ab-2 fi-om Oncogene Science), an antimouse HRP (horse radish peroxidase) 
conjugate secondary antibody (Amersham) is employed for detection of the ras 
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protein. Blots are developed using ECL(enhanced chemiluminescence) techniques 
(Amersham). 

The compounds of the present invention can be synthesized as follows. 

Scheme 1 shows a method by which the compounds of the present 
invention can be prepared, by illustrating the synthesis of Example 1, benzyl 
N-ii 1 5)- 1 -( 1 //-4-imidazolylmethyl)-2-2-[(2-methyl-2-phenyIpropyl)amino]- 
2-oxoethyl[( 1 S)- 1 -phenylethyl]amino-2-oxoethyl)carbamate. Reaction of (S)-a- 
methylbenzylamine with methyl bromoacetate was carried out in acetonitrile in 
the presence of diisopropylethylamine as the base to give methyl-2-[(lS)- 

l-phenylethyl]aminoacetate. Methyl-2-[(lS)-i-phenylethyI]aminoacetate was then 
coupled to Cbz-His(trityl) in methylene chloride with HATU as coupling agent, 
and diisopropylethylamine as the base. The resulting product was saponified using 
lithium hydroxide at 0°C, followed by coupling with P,p-dimethylphenethylamine 
in methylene chloride, with HBTU as coupling agent, and diisopropylethylamine 
as the base. The trityl group was removed by treatment with 50% TFA in 
methylene chloride. The p,p-dimethylphenethylamine was prepared from benzyl 
cyanide, which was treated with 2 equivalents of sodium hydride in 
tetrahydrofuran (THF) and 2 equivalents of methyl iodide in THF followed by 
hydrogenation (H2, Pd/C, ammonia) and treatment with HCl to give the HCl salt. 
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Scheme 2 shows a method by which the compounds of the present 
invention can be prepared, by illustrating the synthesis of Example 4, methyl 
3-([(25)-2-[(benzyloxy)carbonyI]amino-3-(l//-4-imidazolyl)propanoyl]- 
2-[(2-methyl-2-phenylpropyl)amino]-2-oxoethylamino)propanoate. Reaction of 
P-alanine methyl ester hydrochloride with t-butyl bromoacetate was carried out in 
methylene chloride in the presence of triethylamine as the base to give 3-(tert- 
butoxycarbonylmethyl-amino)-propionic acid methyl ester which was then 
coupled to Cbz-His(trityl) in methylene chloride/acetonitrile with HBTU as 
coupling agent, and triethylamine as the base. The resulting product was treated 
with 95% aqueous TFA; to remove the trityl and the t-butyl groups, followed by 
coupling with j3,p-dimethylphenethylamine in methylene chloride/ 
dimethylformamide, with HBTU as coupling agent, and diisopropylethylamine as 
the base to give the desired product. 
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Scheme 3 shows a method by which the compounds of the present 
invention can be prepared, by illustrating the synthesis of Example 6, 

[l-{(2-Amino-ethyl)-[(2-methyl-2-phenyl-propylcarbamoyl)-methyl]-carbamoyl}- 
2-(3H-imidazoI-4-yl)-ethyl]-carbamic acid benzyl ester. Reaction of 
5 (2-aminoethyl) carbamic acid tert-butyl ester with methyl bromoacetate was 

carried out in methylene chloride in the presence of triethylamine as the base to 
give (2-tert-butoxycarbonylamino-ethylamino)-acetic acid methyl ester 
hydrochloride which was then coupled to Cb2-His(trityl) in methylene 
chloride/dimethylformamide with HATU and HOAt as coupling agents, and 
10 diisopropylethylamine as the base. The resulting product was saponified using 

sodium hydroxide, followed by coupling with |3,p-dimethylphenethylamine in 
methylene chloride, with PyBOP as coupling agent, and diisopropylethylamine as 
the base. The trityl and Boc groups were removed by treatment with 95% aqueous 
TFA. 
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Scheme 4 shows a method by which the compounds of the present 
invention can be prepared, by illustrating the synthesis of Example 9, benzyl 
//-[2-((F)-2-butenyl-2-[(2-methyl-2-phenylpropyl)amino]-2-oxoethylamino> 
1 -( 1 //-4-imidazolylmethyl)-2-oxoethyl]carbamate. Reaction of (E)-2-buten- 
1 -amine hydrochloride with methyl bromoacetale was carried out in acetonitrile in 
the presence of triethylamine as the base to give methyl 2-[(E)-2-butenylamino]- 
acetate which was then coupled to Cbz-His(trityl) in methylene chloride with 
PyBOP as coupling agent, and diisopropylethylamine as the base. The resulting 
product was saponified using sodium hydroxide, followed by coupling with 
P,Mimethylphenethylamine in tetrahydrofuran, with DCC and HOBt as coupling 
agents, and triethylamine as the base. The trityl group was removed by treatment 
with 80% aqueous acetic acid. 
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EXAMPLE 1 

Benzyl A^-((l^-l-f 1 //-4-imida2olvlmethvlV2-2-f r2-mothYl. 

2-phenvlpropvnaminoV ?.oxoethvirn.S^-l-Dhenvlethvnamino- 
2-oxoethvncarbamate 

Step 1 : Methyl 2-fn S)- 1 -phenvlethvllaminoacefafe 

To a solution of (S)-a-methylbenzylamine (3.87 mL, 0.03 mol) in 
acetonitrile (50 mL) was added diisopropylethylamine (5.23 mL, 0.03 mol), 
followed by methyl brompacetate (2.84 mL, 0.03 mol). The-reaction was stirred 
under nitrogen, at room temperature, overnight. The solution was concentrated 
and the residue partitioned between ethyl acetate and saturated NaHCOs. The 
aqueous layer was separated, and the product extracted three times with ethyl 
acetate. The ethyl acetate solutions were combined, washed three times with brine, 
dried over MgS04, and concentrated to give a light yellow liquid. 
Chromatography was carried out on silica gel, using ethyl acetate as eluent, to 
give a colorless liquid; 4.97 g (86% yield). MS-APCI: M + 1 = 194.2. 

St^P 2: Methyl 2-r(2.S^-2-rrben^vlox v)carbonvl] ani ino-3-(l-tritvl-l 
4-imidazolvnpronanoYlir (15^-l-Dhenvlethvl1aminoar.i>tate 

The compound from Step 1 (0.54 g, 2.8 mmol), Cbz-His (Trt)-OH 
(Hudspeth, J.P., Kaltenbronn, J.S., Repine, J.T., Roark, W.H., Stier, M.A. Renin 
Inhibitors III, United States Patent Number 4, 735, 933; 1988) (1 .49 g, 2.8 mmol) 
and HATU (1.28 g, 3.4 nmiol) were mixed in methylene chloride (10 mL), at 0°C. 
Diisopropylethylamine (0.97 mL, 5.6 mmol) was then added. The reaction was 
left to warm to room temperature and was stirred overnight under nitrogen. The 
solution was concentrated and the residue taken up in ethyl acetate. The ethyl 
acetate was washed twice with O.IN HCl, saturated NaHCOs, and brine, dried 
over MgS04. filtered and concentrated to give a slightly yellow foam. 
Chromatography was carried out on silica gel, using 10:l/CH2Cl2:CH3OH as 
eluent, to give a white foam; 0.89 g (45% yield). MS-APCI: M + 1 = 707.4 



wo 99/55725 

PCT/US99/06090 

-28- 

^*^P 3 • 2-r(2S^-2-r rBenzvlnxY>r arbonvnamino-3-f 1 -tritvl-1 H. 
4-imidazolvl)propanovnrf IS-^-l -p hftn Yl e thvUaminoacetir ^c\A 

To a solution of compound from Step 2 (0.88 g, 1 .24 mmol) in 
tetrahydroftiran (12 mL), was added water (4 mL), followed by LiOH:H20 
(0. 1 04 g, 2.49 mmol). The suspension was stirred at room temperature, overnight. 
The solution was concentrated, the residue diluted with water and 1 N HCl (3 mL) 
was then added. The product was extracted four times with ethyl acetate. The 
ethyl acetate solution was washed with brine, dried over MgS04, filtered, 
concentrated to give a white foam. Chromatography was carried out on silica gel. 
using 10:l/CH2Cl2fCH3OH as eluent, to give a white foam; 0.61 g (71% yield). 
MS-APCl: M + I = 693.5 

^*^P Benzyl N-( 1 .V>-?-2-rr2-niethvl-7- p henvlnronvn.n.,no1-2-oxo^thvlf (l 
l-phenylethyllamino-2-oxo-1-rn-tritvl-1^-4-. m idazolvnmethYn ethvlcarhp.m.t>. 

A suspension of compound from Step 3 (0.61 g, 0.88 mmol), p,p- 
dimethylphenethylamine hydrochloride (from Step 6, below) (0.190 g, 1 mmol). 
and HBTU (0.379 g, 1 mmol) in methylene chloride (10 mL) was stirred and 
cooled to 0°C, and treated with diisopropylethylamine (0.47 mL. 2.7 mmol) 
dropwise. The reaction was warmed to room temperature and stirred ovemight. 
The solution was concentrated and the residue was taken up in ethyl acetate. The 
ethyl acetate was washed with IN HCl, saturated NaHCOs and brine, dried over 
MgS04, filtered and concentrated to give a light tan foam. Chromatography was 
carried out on silica gel, using 10:l/CH2Cl2:CH3OH as eluent, to give a white 
foam; 0.53 g (73% yield). MS-APCI: M + 1 = 824.6. 

^*^P 5- Benzyl A^-((l.<n-l-fl//-4-imiH azolvlmethvh.7-2-rr2-methYl- 
2-phenvlpronvnaminol-:>-n x oethvir(l .y)- 1 -Dhenvlethv1] aminn- 
2-oxoeth yl')carbamate 

The compound from Step 4 (0.53 g, 0.64 mmol) was treated with 
methylene chloride (10 mL) and trifluoroacetic acid (10 mL) for 2 hours at room 
temperature. The solution was concentrated and the residue taken up in ethyl 
acetate. The ethyl acetate solution was washed with saturated NaHCOs, dried 
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over MgS04, filtered and concentrated to give a white foam. Chromatography 
was carried out on silica gel, using 10:l/CH2Cl2:CH3OH as eluent, to give a 
white foam; 0.28 g (74% yield). MS-APCl: M + 1 = 582.4. 
Analysis calculated for C34H39N5O4 O.3 H2O: 

C, 69.56; H, 6.80; N, 11.93. 
Found: C, 69.39; H. 6.82; N, 1 1 .91 . 

Step 6: B.B-Dimet hvlphenethvlamine hvdrnrhlnriV<<> 

Sodium hydride (60% in mineral oil) (17 g, 0.43 mol) was suspended in 
tetrahydrofuran (1 50 mL) and cooled to 0°C under nitrogen. Benzyl cyanide 
(22.2 g, 0.19 mol) in tetrahydrofuran (30 mL) was added dropwise, and the 
reaction was left to stir for 1 hour. lodomethane (24.9 mL, 0.4 mol) in 
tetrahydrofuran (20 mL) was added dropwise at 0°C. The reaction was stirred at 
room temperature overnight, under nitrogen. The solution was filtered and the 
filtrate was concentrated. The residue was taken up in ethyl acetate (100 mL) and 
washed three times with 10% NaHSOs, saturated NaHCOs, brine and dried over 
MgS04, filtered and concentrated; 22. 74 g (92% yield). 

The above product was reduced in the presence of Raney nickel, in 
methanol/NH3. The catalyst was removed and washed with methanol. The filtrate 
was concentrated and diethyl ether (100 mL) was added to the residue. 
Concentrated HCl was added dropwise to precipitate the desired product; 24,8 g 
(86% yield). 



EXAMPLE 2 

Benzyl N-( ( 1 5^- 1 -ri //-4-i midazol vlmeth vlV2-2-rf 2-m6»th yl- 
2-phenvlpropvnaminri]- 2-oxoethvirn ^Vl .phenvlethvllamino- 
2-oxoethvncarbamate 

The title compound can be prepared according to Example 1 by 
substituting (R)-a-methylbenzylamine for (S)-a.methylbenzylamine in Step 1. 
The title compound is obtained as a white foam; 0.49 g (74% yield). 
MS-APCI: M+1 = 582.5. 
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Analysis calculated for C34H39N5O4 O.3 H2O: 

C, 69.56; H, 6.80; N, 11.93. 
Found: C, 69.37; H, 6.64; N, 12.03. 

EXAMPLE 3 

Benzyl A^-f ( \S)-\-(\ //-4 -imidazolvlmethvn-2-f f 2-methvl- 

2-phenvlproDvn2-rf2-methvl-2-phe nvlpropvnamino1-2-oxoethvlaminoV 
2-oxoethvncarbamate 

The title compound can be prepared according to Example 1 by 
substituting P.p-dimethylphenethylamine hydrochloride (Example 1, Step 6) for 
(S)-a-methylbenzylamine in Step 1. The title compound is obtained as a white 
foam; 0.60 g (68% yield). MS-APCI: M+1 = 610.5. 
Analysis calculated for C35H43N5O4-0.75 H2O: 

C, 69.37; H, 7.20; N, 11.24. 
Found: C, 69.46; H, 7.01; N, 1 1.41. 

EXAMPLE 4 

Methyl 3-(\ (25)-2-r(benzvloxv^arbonvl 1 amino-3-ri fM-imidazolynptopanovn- 
2-r(2-methvl-2-phenvlpropvnamino 1-2-oxoethvlamino'>prop annafft 

S^^P 1 '■ 3-ftert-Butoxvcarbonv lmethvl-aminoVpropionic acid methyl ester 

Triethylamine (7 mL, 50 mmol) was added to a solution of p-alanine 
methyl ester hydrochloride (5.25 g, 37.5 mmol) in methylene chloride (100 mL). 
The solution was cooled to 0°C and t-butyl bromoacetate (4.88g, 25 mmol) in 
methylene chloride (100 mL) was then added. The reaction mixture was warmed 
to room temperature and stirred overnight. The solvent was removed in vacuo and 
the residue was taken up in ethyl acetate. The ethyl acetate was washed with 
saturated NaHCOs, brine, dried over MgS04, filtered and concentrated in vacuo; 
0.80 g (14% yield). 
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Step 2: (S)3-fr2-Benzvloxvcar bonvlamino-3-d-tritvl-1H-imida7.ol-4-vn- 
propionvH-tert-butoxvcar h onvlmethvl-amino) -propionic acid methvl ester 

To a solution of the compound from Step 1 (0.434 g, 2 mmol) in 
methylene chloride ( 1 0 mL) was added Cbz-His(Trt)-OH ( 1 .062 g, 2 mmol), 
5 triethylamine (0.8 mL, 5.7 mmol) and HBTU (0.758 g, 2 mmol) dissolved in 

acetonitrile (10 mL). The reaction mixture was stirred overnight at room 
temperature. The solution was concentrated, the residue taken up in ethyl acetate 
and washed three times with saturated NaHCOs, brine, dried over MgS04, 
filtered and concentrated in vacuo. Chromatography was carried out on silica gel, 
10 using 30% hexanes in ethylacetate as eluent, to give an oil; 1 .38 g (94% yield), 

MS-APCI: M + 1 = 732. 

^*®P 3 • (S)3-ir2-Benzvloxvcar bonvlamino-3-(lH-imidazol-4-vn-proDionvn- 
carboxvmethvl-amin o>-propionic acid methvl ester 

The compound from Step 2 (1.38 g, 1.9 mmol) was treated with 95% 
1 5 aqueous trifluoroacetic acid for 1 .5 hours. The solvent was reduced to a few 

milliliters, and pipetted into 200 mL of ether/hexanes. The product was allowed to 
precipitate overnight at -40°C. The solid was collected, rinsed and dried; 0.75 g 
(91% yield). 

Step 4: Methvl 3-rr(-2 ^-2-rrhen7vloxv)carbonvl1amino-3-n H- 
20 4-imidazolvnproDanovll- 2-rr2-methvl-2-phenvlp r opvnamino1- 
2-oxoethvlamino'>propanoate 

The compound from Step 3 (0.75 g, 1 .74 mmol) was dissolved in 
1:1 dimethylformamidermethylene chloride (5 mL each). p,p- 
dimethylphenethylamine hydrochloride (Example 1, Step 6) (0.325 g, 1.75 mmol) 
was added followed by diisopropylethylamine (1 mL, 5.7 mmol) and HBTU 
(0.760 g, 2 mmol) dissolved in dimethylformamide (10 mL). The reaction was 
stirred overnight at room temperature. The solution was concentrated, the residue 
taken up in ethyl acetate and washed three times with saturated NaHCOs, brine, 
dried over MgS04, filtered and concentrated in vacuo. Chromatography was 
30 carried out on silica gel, using 5% methanol in methylene chloride as eluent, to 
give a white foam; 0.50 g (51% yield). MS-APCl: M + 1 = 564.4. 
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Analysis calculated for CsoHsgNsOg- 2.61 H20- 1.37 CH2CI2: 

C, 51.90; H, 6.10;N, 9.65. 
Found: C, 51.87; H, 6.06; N, 9.72. 

EXAMPLE 5 

3-ff(2^-2-r(Benzv loxv)carbonvnamino-3-(l//-4-imidazo]vnproDanovn- 
2-r(2-methvl-2- phenvlpropvnamino]-2-oxoethvlaminoWopanoic acid 

Step 1 : 3-(r(2iy>-2- r(Benzvloxvkarbonvnamino-3-ri//-4-imidazolvnpropanovl1- 
. 2-r(2-methvl-2-phenv lpropvnamino1>2-oxoethvIaminQWopanoic acid 

The product from Example 4 (0.30 g, 0.53 mmol) was dissolved in 
tetrahydrofuran (10 mL), methanol (10 mL) and water (1 mL), Sodium hydroxide 
(42 mg, 1 .05 mmol) was added and the reaction was stirred overnight at room 
temperature. The solution was concentrated in vacuo and the residue taken up in 
0. 1 M NaP04 buffer (1 00 mL). The pH was brought to 6 by the addition of IN 
HCl. The product was extracted three times with ethyl acetate. The ethyl acetate 
was washed twice with brine, dried over MgS04, filtered and concentrated in 
vacuo. Purification was carried out via reversed-phase HPLC (0.1% trifluoroacetic 
acid in acetonitrile and 0.1% aqueous trifluoroacetic acid as eluent; C-18 column) 
to give a white powder; 0.078 g (27% yield). MS-APCI: M + 1 = 550.3. 
Analysis calculated for C29H34N5O6 I.46 CF3COOH, 1.62 H2O: 

C, 51.51; H, 5.24; N, 9.41. 
Found: C, 51.51; H, 5.27; N, 9.40. 

EXAMPLE 6 

r 1 'i (2-Amino-eth ylVr(2-methvl-2-phenvl-propvlcarbamovlVmethvll-carbamQvn- 
2-(3H-imidazol-4-vlVethvll-carbamic acid benzyl ester 

Step 1 : (2-tert-Butoxvcarbonvlamino-ethvlamino)-acetic acid methyl ester 

To a solution of (2-aminoethyl)carbamic acid tert-butyl ester (from Step 6 
below) (4.2g, 26.3 mmol) in methylene chloride (50 mL) was added triethylamine 
(4.4 mL, 3 1 .4 mmol) and methyl bromoacetate ( 2.4 mL, 26.3 mmol). The 
reaction was stirred ovemight at room temperature. A saturated aqueous solution 
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of sodium chloride (100 mL) was then added, and the organic layer was separated 
dried over MgS04, filtered and concentrated. The residue was taken up in diethyl 
ether, and a saturated solution of HCl in diethyl ether was added to precipitate the 
product, which was filtered, and dried. It was recrystallized in ethanol/ethyl 
acetate, to give a white solid; 1.39 g (20% yield). MS-APCI: M + 1 = 233. 

^^^P 2- (S)[r2-Benzyloxycarbonvlaniino-3-n-trit y l-lH-imida7ol-4-vn.Dmninnvl]- 
(2-tert-butoxycarhonvlamino-eth vn-amino"|-acetic acid tnethvl ester 

The product from Step 1 (0.67 g, 2.5 mmol) was dissolved in methylene 
- chloride (10-mL) and Cb2-His(Trt)-OH (1.46 g, 2.75 mmol) was then added, 
followed by diisopropylethylamine (1.3 mL, 7.5 mmol), HATU (1.05 g, 
2.76 mmol), HOAt (0.374 g, 2.75 mmol), and dimethylformamide (10 mL). The 
reaction was stirred overnight at room temperature. The solution was 
concentrated, the residue taken up in ethyl acetate and washed three times with 
saturated NaHCOs, brine, dried over MgS04, filtered and concentrated in vacuo 
to give a white solid; 1.8 g (97% yield). MS-APCI: M + 1 = 747. 

^^^P ^- (S)rr2-Benzylox ycar bo nvl a m ino-3-(l-tritvl-lH-imida7nl-4-vn-nrnp ionvll- 
(2-tert-butoxvcarhn nvlaminn-ethvn-aminnl-acetic acid 

The product from Step 2 (1 .8 g, 2.4 mmol) was dissolved in 
tetrahydrofuran (10 mL), methanol (10 mL) and water (2 mL). Sodium hydroxide . 
(0.1 92 g, 4.8 mmol) was added and the mixture stirred overnight at room 
temperature. The solution was concentrated in vacuo and the residue taken up in 
0.1 M NaP04 buffer (100 mL). The pH was brought to 6 by the addition of IN 
HCl. The product was extracted three times with ethyl acetate. The ethyl acetate 
was washed twice with brine, dried over MgS04, filtered and concentrated in 
vacuo to give a white powder; 1.3 g (74% yield). MS-APCI: M + 1 = 732. 

^^^P (S)ri-(f2-tert-Butoxvcarh o nvlamino-ethvn-f<"2-methv]-2-phenvl- 

propylcarbamoyI)-methvn-carbamovn-2- ( l-tritvl-lH-im.dazol-4-vn-ethyll- 
carbamic acid benzvl ester 

The compound from Step 3 (1.3 g, 1.8 mmol) was dissolved in methylene 
chloride (10 mL). p.p-dimethylphenethylamine hydrochloride (Example 1, Step 6) 
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(0.370 g, 2 mmol) was added followed by diisopropylethylamine (1 mL, 
5.7 mmol) and PyBOP (1.04 g, 2 mmol) dissolved in methylene chloride (10 mL). 
The reaction was stirred overnight at room temperature. The solution was 
concentrated, the residue taken up in ethyl acetate and washed three times with 
saturated NaHCOs, brine, dried over MgS04, filtered and concentrated to give a 
white solid; 1.09 g (70% yield). MS-APCI: M + 1 = 863. 

^*^P ^' n - ( (2- Amino-ethvn-rr2-me thvl-2-nhen vl-DroDvlcarhamovn-methvll- 
carbamovl>-2-(3H-imidazol-4-vl)- ethvn-carhamic acid henry] estPr 

The compound from Step 4 (1.09 g, 1 .26 mmol) was treated with 95% 
aqueous trifluoroacetic acid (50 mL) for 1 hour at room temperature. The solvent 
was reduced to a few milliliters, and pipetted into 200 mL of ether/hexanes. The 
product was allowed to precipitate overnight at -40°C. The solid was collected, 
rinsed and dried. Purification was carried out via reversed-phase HPLC (0.1% 
trifluoroacetic acid in acetonitrile and 0.1% aqueous trifluoroacetic acid as eluent; 
C- 18 column) to give a white powder; 0.30 g (45% yield). MS-APCI: 
M + 1 =521.2. 

Analysis calculated for C28H35N6O4.2.O7 CF3COOH, 1.08 H2O: 

C, 49.80; H, 5.10; N, 10.84. 
Found: C, 49.83; H, 5.15; N, 10.82. 

Step 6: (2-aminoethvncarbamic acid tert-butvl e.ster 

To a cooled solution of ethylenediamine (6.7 mL, 0.1 mol) in 
tetrahydrofuran (30 mL) was added di-t-butyl dicarbonate (7.27 g, 0.033 mol) 
dissolved in tetrahydrofuran (30 mL), over 30 minutes. After the addition was 
complete, the reaction mixture was stirred overnight at room temperature. The 
solution was concentrated and the residue taken up in ethyl acetate. The organic 
solution was washed with brine, dried over MgS04, filtered and concentrated to 
give a white paste; 4.2 g, (79% yield). MS-APCI: M + 1 = 161 . It was used 
without further purification. 
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EXAMPLE 7 

Benzyl A^-[(Ly).l-(l//-4-imiHa2olvlmethvn-7 -(r2-rniethvlaminn> PthY'l- 
2-[(2-methYl-2-phenvlpropvnamino1-2- o xoethvlaminnV2-oxoethvncarhamaf... 

The title compound can be prepared according to Example 6, by 
substituting (2-amino-ethyl)-methyl-carbamic acid tert-butyl ester (Step 1, below) 
for (2-aminoethyl>carbamic acid tert-butyl ester in Step 1. The title compound is 
obtained as a white foam; 0.40 g (32% yield). MS-APCI: M+1 = 535.5. 
Analysis calculated for C29H38N604- 0.26 CH2CI2: 

C, 63,12; H, 6.97; N. 15.09. 
Found: C, 63.06; H, 7.16; N, 15.17. 

Step 1 : (2-Amino-ethvn-methYl -carbamic acid tert-butvl ester 

To a cooled solution of methyl aminoacetonitrile hydrochloride (5.4 g, 
50 mmol) in tetrahydrofuranrdimethylformamide (15 mL each) was added over 
30 minutes, a solution of di-t-butyl dicarbonate (9.0 g, 50 mmol) and 
triethylamine (3.4 mL, 24 mmol) in tetrahydrofuran (30 mL). The reaction was 
stin-ed overnight at room temperature. The solution was concentrated and the 
residue taken up in ethyl acetate. The organic solution was washed with brine, 
dried over MgS04, filtered and concentrated to give a brownish oil; 8.38 g, (98% 
yield). MS-APCI: M + 1 = 171. It was used without further purification. 

The above product was reduced in the presence of Raney nickel, in 
ethanol/triethylamine. The catalyst was removed and washed with ethanol. The 
filtrate was concentrated to give the desired product as a brownish oil; 7.13 g 
(84% yield). MS-ACPI: M + I = 175. 



EXAMPLE 8 

(2-(3H.Imidaz ol-4-y l ) -l-| (2 -methoxv-ethvn-r(2-methyl-2-Dhenvl- 
propYlcarbamoy D-methvn -c ar bamovn-ethvn-carbamin arid benzvl ester 

The title compound can be prepared according to Example 6 by 
substituting 2-methoxyethylamine for (2-aminoethyl)-carbamic acid tert-butyl 
ester in Step 1 . The title compound is obtained as a white foam; 0.33 g (24% 
yield). MS-APCI: M+1 = 536.2. 
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Analysis calculated for C29H37N5O5. 0.22 CH2CI2: 

C, 63.31; H, 6.81; N, 12.63. 
Found: C, 63.30; H, 6.69; N, 12.91. 

EXAMPLE 9 

Benzyl A^-r2-rr^-2-bute nvl-2-r('2-methvl-2-phenvlproDvnamino]- 
2-oxoethvlamino'>-l -r 1 //-4-imidazolvlmethvn-2-oxoethvl] carhamatf> 

Step 1 : Methvl 2-rf F>-2-butenvlamino1acetate 

A suspension of (£)-2-buten-l-amine HCl (5.37 g, 49.9 mmol) (Chem. 
Ber. 117, 1250(1984) in acetonitrile (100 mL) was treated with methyl 
bromoacetate (4.72 mL, 49.9 mmol) and EtsN (14.0 mL, 99.8 mmol) and stirred 
at room temperature for 1 hour. The suspension was then heated at reflux 
overnight. Solution occurred at reflux temperature. After cooling , the precipitated 
Et3N HCl was filtered off and the solvent removed under reduced pressure 
leaving 5.0 g of the crude product. Chromatography on silica gel, eluting with 
CHCl3/MeOH (98/2) gave 1.41 g (19.8% yield) of the pure product as an oil. 

Step 2: Methvl 2-r2 -rfbenzvloxv^carbonvnamino-3-n-tritvl-1 H. 
5-imidazo lvnpropanovn \( £^-2-butenvnaminoacetate. 

A solution of methyl 2-[(£)-2-butenylamino]acetate (0.6 g, 4.2 mmol) in 
CH2CI2 (50 mL) was cooled in ice and treated with 2.23 g (4.2 mmol) of 
Cbz-His(Trt)-OH (2.23 g, 4.2 mmol), diisopropylethylamine (2.2 mL, 
12.6 mmol), and PyBOP (2.2 g, 4.2 mmol). After stirring at 0° for 15 minutes, the 
solution was allowed to stir at room temperature for 4 days. After removal of the 
solvent under reduced pressure, the residue was taken up in EtOAc, washed three 
times with H2O, then with saturated NaCl. Drying over MgS04 and removal of 
the solvent under reduced pressure left 4.36 g of the crude product. 
Chromatography on silica gel, eluting with CHCl3/MeOH (98/2) gave 2.23 g 

(81.1% yield) of the pure product as a white solid foam. MS, m/z 657 (M + H+). 



wo 99/SS725 

PCT/US99/06090 

-37- 

Step 3: 2-r2-rf Ben zvloxv'^carbon vll amino-3 -( 1 -tri tyl - 1 H. 
5-imidazolvnpmp^nn vn f C£^-2-buten vllaminoacetir ^^riH 

A solution of methyl 2-[2-[(ben2yloxy)carbonyl]amino-3-(l-trityl-l//- 
5-imidazolyI)propanoyl][(£)-2-butenyl]aminoacetate (2.23 g, 3.4 mmol) in MeOH 
(20 mL ydioxane (1 5 mL) was treated with 2 N NaOH (7.0 mL, 14.0 mmol) and 
stirred at room temperature for 0.5 hour. After adding 2 N HCl (7.0 mL, 
14.0 mmol), the mixture was stripped to a solid. This was mixed with EtOAc/THF 
and filtered to remove NaCl. Removal of the solvent under reduced pressured left 
2.06 g (94.5% yield) of the product as a white solid foam. MS, m/z 643 (M + H+). 

S*^P Benzyl A^-2-(f; rV2-butenvl-?-rr?-methvl-?.p h.nYlDronvnaminn1- 
2-oxoethylamino>-2-oxo-l-r(l-tritvl-l//-4-im ^ dazolvnn.Pthvne thvlcarhHm«t^ 

A solution of 2-[2-[(benzyloxy)carbonyl]amino-3-(l-trityl-l//- 
5-imidazolyl)propanoyl][(£)-2-butenyl]aminoacetic acid (1.0 g, 1.6 mmol) in THF 
(20 mL) was treated with HOBt (0.22 g, 1.6 mmol) and DCC (0.33 g, 1.6 mmol). 
P,(3-dimethylphenethylamine hydrochloride (Example 1 , Step 6) (0.29 g, 
1.6 mmol) was then added, followed by EtsN (0.22 mL, 1.6 mmol) and the 
mixture stirred at room temperature for 2 days. The mixture was diluted with 
EtOAc, filtered, and the filtrate washed with saturated NaHCOs and saturated 
NaCl. Drying over MgS04 and removal of the solvent under reduced pressure 
gave 1.19 g (99.2% yield) of the product as a white foam. MS, m/z 774 (M + H+). 

^*^P Benzyl A^-[2-((/ D-2-butenvl-?,-rr2-methvl-?-p hP« vlpronvnam.noV 
2-oxoethylami no)- 1 -( 1 // - 4 - i midazQlvlmethvn-2-Qxoeth yll r^rK^^nat^ 

A solution of benzyl iV-2-((£)-2-butenyl-2-[(2-methyl- 
2-phenylpropyl)amino]-2-oxoethylamino)-2-oxo-l-[(l-trityl-li/- 
4-imida2olyl)methyl]ethylcarbamate (1.19 g, 1 .6 mmol) in 80% aqueous HOAc 
(100 mL) was heated at 87°C for 0.5 hours. The solvent was removed under 
reduced pressure and the residue taken up in EtOAc and washed twice with 
saturated NaHCOs, then saturated NaCl. Drying over MgS04 and removal of the 
solvent under pressure gave the crude product. Chromatography on silica gel, 
eluting with CHCl3/MeOH (95/5) gave the product which was dissolved in ' 
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CH2CI2 and the solvent removed under reduced pressure to give 0.64 g (74.4% 
yield) of the product as a solid foam. MS, m/z 532 (M + H+). 
Analysis calculated for C30H37N5O4 O.I CH2CI2: 

C, 66.93 H, 6.94 N, 12.97 
Found: C, 66.68 H, 7.01 N, 12.96 . 

EXAMPLE 10 

ri-{(4-Benzvloxv-henzvn-rr2-met hvl-2-Dhenvl.propvlcarhamovn-methYl]- 
carbamoyl|-2-nH-imidazol-4-vn-et hvn-carbamic acid 1 -phenyl-ethvl ester 

The title compound can be prepared according to Example 9 by 
substituting 2-(l-phenyl-ethoxy-carbonyIamino)-3.(l-trityl-lH-imidazol-4-yl)- 
propionic acid (Steps 1 and 2, below) for Cb2-His(Trt)-OH in Example 9, Step 2. 
The title compound is obtained as a white foam; 0.264 g (46% yield). MS-APCI: 
M+1 = 688.5. 

Analysis calculated for C4iH45N505- 0.13 CH2CI2: 

C, 70.65; H, 6.53; N, 10.02. 
Found: C, 70.65; H. 6.47; N, 10.08. 

Step 1 : 2-(l-Phenvl-ethoxvcar honvlaminoV3-fl-tritvl-1H-imidazol-4-yl)- 
propionic acid methyl ester 

A solution of a-methylphenethanol (0.55 mL, 4.6 mmol), 
4-nitrophenylchloroformate (0.92 g, 4.6 mmol) and triethylamine (0.64 mL, 
4.6 mmol) in methylene chloride (20 mL) was cooled to 0°C. After 15 minutes, 
His(Trt)-OCH3 ((2 g, 4.2 mmol) and triethylamine (1.28 mL, 9.1 mmol) in 
methylene chloride (10 mL) were added. The reaction was stirred overnight at 
room temperature. The solution was washed twice with water, saturated NaHCOs, 
brine, dried over MgS04, filtered and concentrated. Chromatography was carried 
out on silica gel, using 70%-80% ethyl acetate in hexanes as eluent, to give a 
white foam; 1.26 g (54% yield). MS-APCL M + 1 = 560.3. 



^^'^'^^^^^ PCT/US99/06090 

-39- 

St^P 2: 2-(l -Phenyl -ethoxvcarbonvlaminoVB-C 1 -tritYl-1 H-imidazol-4-vn- 
propionic acid 

The compound from Step 1 (1.06 g, 1 .9 mmol) was dissolved in methanol 
(10 mL) and tetrahydrofuran (10 mL), and IN NaOH (5.7 mL, 5.7 mmol) was 
then added and the reaction stirred at room temperature for 2 hours. The solution 
was concentrated. HCl (IN) (5.7 mL, 5.7 mmol) was added and the product 
extracted with ethyl acetate. The organic solution was washed with brine, dried 
over MgS04, filtered and concentrated to give a white foam; 1.0 g (96% yield). 

EXAMPLE 11 

Benzvl A ^-(l^-l-n //-4-imidazolvlmethvn-2- [ 2-rr2-methyl- 
2-phenvlDropvl'>ami no1-2-oxoethvl(2-morpholinoethv1) aminf>]- 

2- oxoethvlcarbam ate 

The title compound can be prepared according to Example 6 by 
substituting 2-morpholinoethylamine for (2-aminoethyl)-carbamic acid tert-butyl 
ester in Step L The title compound is obtained as a white foam; 0.055 g (15% 
yield). MS-APCI: M+1 =591.2. 

Analysis calculated for C32H42N605- 0.92 H2O, 2.34 CF3COOH: 

C, 50.40; H, 5.33; N, 9.61. 
Found: C, 50.37; H, 5.28; N, 9.60. 

EXAMPLE 12 

3- {r2-BenzvloxvcarbonvIamino-3 -GH-imidazol-4-vn-prnpionvll-r('2-methyl-2- 
phenyl-propylcarbamovlVmethvp- amino) -propionic acid isopropvl ester 

The product from Example 5 (0.22 g, 0.4 mmol) was dissolved in 20% 
isopropanol in methylene chloride (10 mL). Diisopropylethylamine (0.42 mL, 
2.4 mmol) was added and the reaction was cooled to 0°C. PyBOP (0.42 g, 
0.8 mmol) in methylene chloride (5 mL) was then added. The reaction was 
allowed to warm to room temperature and stirred overnight. The solution was 
concentrated, the residue taken up in ethyl acetate and washed three times with 
saturated NaHCOs, brine, dried over MgS04, filtered and concentrated in vacuo. 
Purification was carried out via reversed-phase HPLC (0.1% trifluoroacetic acid 
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in acetonitrile and 0.1% aqueous trifluoroacetic acid as eluent; C-18 column) to 
give a white powder; 0.012 g (5% yield). MS-APCl: M + 1 = 592.2. 
Analysis calculated for C32H41N5O6 I.32 CF3COOH, 1.03 H2O: 

C, 54.69; H, 5.88; N, 9.21. 
Found: C, 54.49; H, 5.47; N, 9.59. 

EXAMPLE 13 

f 1 - { f 2-Dimethvlcarbamovl-ethvn-rr 2 -methvl-2-phenvl-DrQp vlc arbamovn- 
methyll-carbamovl|-2-(3H-imida7.ol-4- v nethvl1-carhflmic acid benT^vl ester 

The product from Example 5 (0.48 g, 0.87 mmol) was dissolved in 
methylene chloride (5 mL) and dimethylformamide (5 m). Diisopropylethylamine 
(0.9 mL, 5.2 mmol) and dimethylamine hydrochloride (0.144 g, 1.76 mmol) were 
added and the reaction was cooled to 0°C. PyBOP (0.91 g, 1.75 mmol) in 
methylene chloride (5 mL) was then added. The reaction was allowed to warm to 
room temperature and stirred overnight. The solution was concentrated, the 
residue taken up in ethyl acetate and washed three times with saturated NaHCOs. 
brine, dried over MgS04, filtered and concentrated in vacuo. Purification was 
carried out via reversed-phase HPLC (0.1% trifluoroacetic acid in acetonitrile and 
0.1% aqueous trifluoroacetic acid as eluent; C-18 column) to give a white powder; 
0.1 15 g (23% yield). MS-APCI: M + 1 = 577.3. 
Analysis calculated for C31H40N6O5 I.5O CF3COOH, 0.90 H2O: 

C, 53.46; H, 5.71 ;N, 11.0. 
Found: C, 53.40; H, 5.60; N, 1 1.40. 

EXAMPLE 14 

{2-(3H-Imida2ol-4-vn-l-rrf2-methvl- 2 -phenvl-p rn pvlcarbamovlVmethvn-f2- 
methylsulfanvl-ethvn-carbamovll-e thvD-carbamic acid benzvl ester 

The title compound can be prepared according to Example 4, substituting 
2-thiol-ethylamine for P-alanine methyl ester hydrochloride in Step 1 . The title 
compound is obtained as a white foam; 0.12 g (10% yield). 
MS-APCI: M + 1 = 552.3. 
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Analysis calculated for C29H37N5O4S1I.O4 CF3COOH, 0.53 H2O: 

C, 54.91 ;H, 5.80; N, 10.30. 
Found: C, 54.90; H, 5.80; N, 10.60. 

The following abbreviations are used in the application. 



5 HPLC 
CI-MS 
mp 
rt 

THE 

10 APCI-MS 
dec 

AcCN, CH3CN, or MeCN 
HOAc 
15 CHCI3 

DCM 
DMF 
EtOAc 
EtOH 
10 Et20 

HCl 

H2O2 

H2SO4 

KOH 
5 MeOH 
NaH 
NaOH 
NaHC03 

iPrOH 
0 TFA 
Boc 



High pressure liquid chromatography 
Chemical Ionization Mass Spectrometry 
Melting point 
Room temperature 
Tetrahydrofiiran 

Atmospheric pressure chemical ionization mass 

spectrometry 

Decomposes 

Acetonitrile 

Acetic acid 

Chloroform 

Dichloromethane or methylene chloride 

N,N'-Dimethylformamide 

Ethyl acetate 

Ethanol 

Diethyl ether 

Hydrochloric acid 
Hydrogen peroxide 
Sulfuric acid 

Potassium hydroxide 
Methanol 
Sodium hydride 
Sodium hydroxide 
Sodium bicarbonate 

iso-Propanol 
Triflijoroacetic acid 
tertiary Butyl oxycarbonyl 
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Ts 

Ph3P 
HATU 

HBTU 

PyBOP 

Et3N, TEA 

DIEA 
Trt 

HOAt 
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Tosylate 

Triphenylphosphine 

0-(7-azabenzotriazol- 1 -yl)-N,N,N',N'- 

tetramethyluroniumhexafluorophosphate 

O-benzotriazol- 1 -yI-N,N,N',N'-tetramethyluronium 

hexafluorophosphate 

Benzotriazole- 1 -yl-oxy-tris-pyrrolidino- 

phosphonium hexafluorophosphate 

Triethylamine 

Diisopropylethylamine 
Trityl 

1 -Hydroxy-7-azabenzotriazole 



When indicated, analytical HPLC was performed on >^dac CI 8 
peptide/protein columns eluting with gradients of water/acetonitrile containing 
0. 1% TFA. Flash chromatography was performed using Merck or ICN silica gel, 
60A, 230-400 mesh. THF was distilled from Naya>enzophenone and all other 
solvents were reagent grade and dried over 4A molecular sieves unless otherwise 
indicated. 

The data in the table below shows the famesyl protein transferase 
inhibitory activity of compounds of the present invention. 
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Example 


ICsn (uM) 


''-'50 v.M'"*.' 


Gel 'shift 


Number 


Hepes 


Hepes/5 mM KPO4-2 




1 


0.57 


0.001 


0.01 


2 


8.3 


0.065 


1 


3 


0.098 


0.001 


0.01 


4 


5.0 


0.018 


0.1 


5 


2.3 


<0.001 


1 


6 


36 


0.072 


>1 


7 


>30 


. . 0.92 




8 


4.8 


0.019 


0.2 


9 


1.4 


0.011 


0.01 


10 


0.25 


0.004 


0.01 


1 1 
1 i 


2.1 


0.016 


0.2 


12 


2.2 


0.034 




13 


4.0 


0.007 




14 


1.2 


0.006 


0.05 



In general, the IC50 represents the average of two tests. 



OKiQnnrirv ^wri 
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CLAIMS 



What is claimed is: 



A compound having the Formula I 
O r' O 



n T T n T 



A— C— N— C — C— N— CH— C-N 

\r5 



-C—C—h 

I3 '4 

R^ R"^ 



/Ra f 
wherein A is — N ^,-ORa, or OCH ; 



R 



'b 



R3i 



IS 



each and are independently hydrogen or Cj-Cg alkyl; 

each Ra is independently Ci-Cg alkyl, -(CH2)m-aryl, -(CH2)m-substituted 

aryl, -(CH2)ni-substituted heteroaryl, or -(CH2)ni-heteroaryl; 
each m is independently 0 to 3; 
10 each n is independently 1 to 4; 

-(JH2)n -(JH2)n 

> 

H 
I 

R4 is -C-phenyl, -(CH2)n-NH2, -(CH2)n-NH(Ci -Cealkyl), 
Ci -Chalky 1 

-(CH2)n-N(Ci-C6alkyl)2, 

C \ -Cgalkyl 
I 

20 -(CH2)-C-phenyl, -(CH2)n-OC i -Cealkyl, -(CH2)n-0H, 

I 

Ci-Cealkyl 
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O 

B 

-(CH2)n-COH, 

O 

i 

-(CH2)n-COCi-C6alkyl, C2-C6alkenyl, (CH2)n-morpholino, 




-(CH2)j7-< NH , -(CH2VCN, -(CH2VC-NR°R^ 



-(<^"2)n-SR'', - (CH2VS-Rb, -(CH2)p-S02R'', 



I 

O 

(CH2)i^N N—K^ or —(cU2)^r\ N— Cj— C^alkyl; 



O 




r1 r1 



R^is (C) — aryl, or (C)„ — substituted aryl ; 

R^ 

£ind the pharmaceutically acceptable salts, esters, amides, and prodrugs 
10 thereof. 

2. A compound in accordance with Claim 1 wherein each R^ is hydrogen. 

3. A compound in accordance with Claim 1 wherein A is -OCH2-phenyl. 

4. A compound in accordance with Claim 1 wherein r5 is 

CH3 

15 I 

-CH2-C-phenyl. 

I 

CH3 

5. A compound of Claim 1 wherein A is -0CH2-phenyl; 
20 each R^ is hydrogen; and 
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CH3 
I 

R5 is -CH2-C-phenyl. 
I 

CH3 

6. A compound having the Formula 1, 

li i i II I ft 

A— C— N— C— C— N— CH— C-N I 

is ' 4 ^^^^ 

wherein A is -OCH2-phenyl, or -OCH-phenyl; 

I 

CH3 

each r1 is hydrogen; 
^3. -CH2-7==\ 

n^nh; 

CH3 
I 

R4 is -CH-phenyl, -CH2CH2 NR^Ra, 

CH3 o 

I I 
-CH2-C-phenyl, -CH2CH20Ra, -CH2CH2CORa C2-C6 alkenyl, 

I 

CH3 

-CH2CH2-morpholino or — CHj — ^ — CH3 ; 

each Ra is independently hydrogen or Cj-Cg alkyl; 
CH3 
I 

R5 is CH2-C-phenyl, 
I 

CH3 

and the pharmaceutically acceptable salts, esters, amides, and prodrugs 
thereof. 
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A pharmaceutical composition comprising a compound of Claim 1 . 

A pharmaceutical composition comprising a compound of Claim 6. 

A method of treating cancer, the method comprising administering to a 
patient having cancer a therapeutically effective amount of a compound of 
Claim 1. 

A method of treating cancer, the method comprising administering to a 
patient having cancer a therapeutically effective amount.of a compound of 
Claim 6. 

A method of treating atherosclerosis, the method comprising administering 
to a patient having atherosclerosis a therapeutically efifective amount of a 
compound of Claim 1 . 

A method of treating atherosclerosis, the method comprising administering 
to a patient having atherosclerosis a therapeutically effective amount of a 
compound of Claim 6. 

A method of treating or preventing restenosis, the method comprising 
administering to a patient having restenosis or at risk of developing 
restenosis, a therapeutically effective amount of a compound of Claim 1 . 

A method of treating or preventing restenosis, the method comprising 
administering to a patient having restenosis or at risk of developing 
restenosis, a therapeutically effective amount of a compound of Claim 6. 

The compound: 

Benzyl N-i{\S)- 1 -( 1 //-4-imidazolylmethyl)r2-2-[(2-methyl-2- 
phenylpropyl)amino]-2-oxoethyl [( 1 5}- 1 -phenyl ethyl] amino-2- 
oxoethyl)carbamate; 
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Benzyl N-({ 1 5)- 1 -(1 //-4-imidazolylmethyl)-2-2-[(2-methy^2- 
pheny Ipropy l)amino]-2-oxoethy 1 [( 1 R)- 1 -pheny lethyl]amino-2- 
oxoethyl)carbamate; 

Benzyl A^-[(15)-l -(l//-4-imidazolylmethyl>2-((2-methyl-2- 
phenylpropyl)2-[(2-methyl-2'•phenylp^opyl)amino]-2-oxoethylamino)-2- 
oxoethyl]carbamate; 

Methyl 3-([(25)-2-[(benzyloxy)carbonyl]amino-3-(l//-4- 
imidazolyl)propanoyl]-2-[(2-methyl-2-phenylpropyl)amino]-2- 
oxoethylamino)propanoate; 

3-([(25)-2-[(Benzyloxy)carbonyl]amino-3-(l//-4- 
imidazolyl)propanoyl]-2-[(2-methyl-2-phenylpropyl)amino]-2- 
oxoelhylamino)propanoic acid; 

[ 1 - { (2- Amino-ethyl)- [(2-methyl-2-phenyl-propy Icarbamoy !> 
methyl]-carbanioyl}-2-(3H-imidazol-4-yl)-ethyl]-carbamic acid benzyl 
ester; 

Benzyl 7V-[( 15)- 1 -( 1 //-4-imidazolylmethyl>2-([2- 
(methylamino)ethyl]-2-[(2-methyl-2-phenylpropyl)amino]-2- 
oxoethylamino)-2-oxoethyl]carbamate; 

(2-(3H-Imidazol-4-yl>l-{(2-methoxy-ethyl)-[(2-methyl-2-phenyl- 
propylcarbanioyl)-methyI]-carbamoyl}-ethyl)-carbaniic acid benzyl ester; 

Benzyl //-[2-.((£0-2-butenyl-2-[(2-methyl-2-phenylpropyl)amino]- 
2-oxoethylamino)- 1 -( 1 //-4-imidazolylmethyl)-2-oxoethyl]carbamate; 

[ 1 - {(4-Benzyloxy-benzyl)-[(2-methyl-2~phenyl-propylcarbamoyl)- 
methyl]-carbamoyl}-2-(lH-imidazol-4.yl>ethyl]-carbamic acid 1-phenyl- 
ethyl ester; 

Benzyl JV-(1^-1 -(l//-4-imidazolylmethyl)-2.[2-[(2-methyl.2- 
phenylpropyl)amino]-2-oxoethyl(2-morpholinoethyl)amino]-2- 
oxoethylcarbamate; 

3-{[2-Benzyloxycarbonylamino-3-(3H-imidazol-4-yl)-propionyl]- 
[(2-methyl-2-phenyl-propylcarbamoy l)-methyl]-amino } -propionic acid 
isopropyl ester; 
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[l-{(2-Dimethylcarbamoyl-ethyl)-[(2-methyl-2-phenyl- 
propylcarbarnoyl)-methyl]-carbamoyl}-2-(3H-imidazol-4-yl)ethyl]- 
carbamic acid benzyl ester; 

{2-(3H-Imidazol-4-yl)-l-[[(2-methyl-2-phenyl-propylcarbamoyl)- 
5 methyl]-(2-methylsulfanyl-ethyl)-carbamoyl]-ethyl}-carbamic acid benzyl 

ester; 

Benzyl A^-[(15)-2-((2-hydroxyethyl)2-[(2-methyl-2- 
phenylpropyl)amino]-2-oxoethylamino)-l-(l//-4-imidazolylmethyl>2- 
oxoethyljcarbamate; arid 
1 0 Benzyl A^-(( 1 5)- 1 -( 1 //-4-imidazolylmethy l)-2-2- [(2-methyl-2- 

pheny Ipropy l)amino]-2-oxoethyl [( 1 -methyl-4-piperidyl)methyI]amino-2- 
oxoethy l)carbamate . 

16. A compound having the Formula I 

II I I II I S /R1 

A— C— N— C— C— N— CH— C-N 

R^ r4 



15 



20 



wherein A is 



Cj-Cgalkyl 



or 



-o- 



C J -Chalky 1 Cj-C^alkyl 

each R^and R^ are independently hydrogen or Cj-Cg alkyl; 

each R^ is independently Cj-Cg alkyl, -(CH2)ni"aryl, -(CH2)m-substituted 

aryl, -(CH2)ni-substituted heteroaryl, or -(CH2)m"heteroaryl; 
each m is independently 0 to 3; 
each n is independently 1 to 4; 

-(CH2)n -(CH2)n 



R3 



IS 



N.s. ,N — 



I 
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R^is 

r1 



(C)n — aryl, (C)^ — substituted aryl. 



r' r1 

r* r' 

1 i I o 



~~^?^~K^1 — (C)n-OR\ — (C)-COr\ 
I » I I 

r^ r* 

R^ 



C2-C6alkenyl, (C) — /tSN 



-benzyl. 



R 



1 



r1 r1 



(C)ij-heterocycloalkyl, (C)— substituted heterocycloalkyl. 



R^ U 



r1 



(y)~*^ete'^oaryl, or (C)— substituted heteroalkyl; 

r1 li 

r1 

.5- I I 

R^is (C)jj — aryl, or (C)^ — substituted aryl ; 

and the pharmaceutically acceptable salts, esters, amides, and prodrugs 
thereof 
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